Endosonography (EUS) has an estimated long learning curve including the acquisition of both technical and cognitive skills. Trainees in EUS must learn to master intraprocedural steps such as echoendoscope handling and ultrasonographic imaging with the interpretation of normal anatomy and any pathology. In addition, there is a need to understand the periprocedural parts of the EUS-examination such as the indications and contraindications for EUS and potential adverse events that could occur post-EUS. However, the learning process and progress vary widely among endosonographers in training. Consequently, the performance of a certain number of supervised procedures during training does not automatically guarantee adequate competence in EUS. Instead, the assessment of EUScompetence should preferably be performed by the use of an assessment tool developed specifically for the evaluation of endosonographers in training. Such a tool, covering all the different steps of the EUSprocedure, would better depict the individual learning curve and better reflect the true competence of each trainee. This mini-review will address the issue of clinical education in EUS with respect to the evaluation of endosonographers in training. The aim of the article is to provide an informative overview of the topic. The relevant literature of the field will be reviewed and discussed. The current knowledge on how to assess the skills and competence of endosonographers in training is presented in detail. Author contributions: Hedenström P designed the study, performed the literature search and review, and prepared and wrote the manuscript; Sadik R reviewed the manuscript with respect to the intellectual content and revised the preliminary draft. Core tip: Endosonography (EUS) has an estimated long learning curve including the acquisition of both technical and cognitive skills. However, the learning process and progress varies widely among trainees in EUS. Therefore, the performance of a certain number of EUS-procedures during training does not automatically guarantee adequate competence. Instead, assessment tools developed for the evaluation of endosonographers in training should better reflect the true competence of each individual trainee. This mini-review addresses the issue of clinical education in EUS and describes the current knowledge on how to assess the skills and competence of endosonographers in training in detail.
INTRODUCTION
Endosonography (EUS) has become an important diagnostic and therapeutic tool for medical gastro enterologists, surgeons, and oncologists worldwide. The learning of EUS is a rewarding but demanding task with an estimated long learning curve [1] . The long learning curve is partly explained by the fact that EUS has several different clinical indications [2, 3] . Moreover, many of the lesions examined by EUS include a wide range of possible diagnostic entities [4, 5] . Consequently, the competent endosonographer needs to master not only multiple maneuvers with the echoendoscope and its accessories, but also endosonographic interpretation of the normal anatomy and any pathologic lesions ( Figure  1 ). In the end, both cognitive and technical skills are essential to perform a safe EUSexamination of high quality.
In advanced endoscopy, the learning process and progress vary widely among trainees [1, 6] . Therefore, the performance of a certain number of procedures during training does not automatically guarantee adequate competence in EUS. It is likely that an assessment tool that covers the different steps of the EUSprocedure and that is developed for the evaluation of endosonogra phers in training would be more appropriate than the count of procedures for assessing competence. Such tools would likely better depict the learning curve of EUS and reflect the true competence of each individual trainee [6] . This minireview addresses the issue of clinical education in EUS with respect to the evaluation of endosonographers training basic, diagnostic EUS with or without fine needle aspiration (EUSFNA). The aim of this minireview is to provide an informative up to Hedenström P et al . The assessment of endosonographers in training date overview of the topic. The relevant literature of the field is reviewed and discussed. The current know ledge on how to assess the skills and competence of endosonographers in training is presented in detail.
TRAINING IN EUS -FOR WHOM, WHERE, AND HOW?
It is recommended that the EUStrainee should have completed a minimum of two years of training or pra ctice in routine endoscopy before initiating training in EUS [7] . However, the experience in advanced, therapeutic endoscopy might not be a prerequisite for successful, basic EUStraining [8] . Likewise, previous competence in transabdominal ultrasound is probably not vital for learning EUS [9] . There is limited data on the number of centers providing supervised training in EUS [10] . Although it is frequently reported [10] , learning EUS by selfteaching without supervision is discouraged [7, 9, 11] . A large number of learning procedures are expected. Therefore, train ing in EUS should only be performed in centers that can provide a reasonably high volume of procedures along with experienced and motivated instructors [11] . This type of focused training is highlighted by a study published in 2005, which found that trainees in an advanced endoscopy fellowship in an academic center performed a larger number of supervised procedures compared with endosonographers trained in other types of practice [10] . Furthermore, it is important that the endosonographic findings of the trainee are co evaluated by the supervisor in the early phase of training [11] .
Ex vivo models used for training in EUS
Animal models can probably work as a facilitating tool for beginners or for trainees with little experience in EUS [1214] . A live porcine model was evaluated by Bhutani et al [14] in a survey among 38 trainees with little experience in EUS, with these trainees participating in either of two EUS courses organized by the American Society of Gastrointestinal Endoscopy (ASGE) in 1997 and 2000. Over 90% of the respondents found the model helpful in enhancing their EUS skills but there was no measurement of the effect on the learning curve of EUS. Similar models have also been evaluated and have been found to be useful for the purpose of learning EUSFNA [15, 16] .
In vivo supervised training in EUS
Even though ex vivomodels could be helpful tools in early EUStraining, they may not be available in all centers and cannot replace supervised training in true patients [7, 11] . Regarding the equipment, the linear array echoendoscope can probably be introduced to trainees at the onset of training. A period of initial training with a radial echoendoscope was shown to not improve the performance of subsequent scanning with the linear array echoendoscope according to one study published in 2015 [17] . The recommended design of training programs in EUS can be further studied by the guidelines issued by the ASGE [11, 18] . The decision as to when to introduce the trainee to EUSFNA has been a matter of debate. Some authors advocate long, previous experience with basic EUS with a thorough knowledge of the normal and abnormal anatomy before the introduction of EUSFNA [19] . Others consider early traineeperformed EUSFNA both app ropriate and patient safe [20, 21] . In a study by Coté et al [20] a supervisordirected, traineeperformed EUS FNA executed from the onset of training, resulted in no recorded complications in a total of 305 patients. In addition, the performance characteristics of EUS FNA including the diagnostic accuracy were found to be comparable (trainee vs supervisor). In another study by Mertz et al [21] , the first 50 EUSFNA:s of pancreatic masses performed by a nonexperienced endosono grapher were found to be safe with no adverse events detected. However, in this study, the diagnostic sen sitivity for cancer was significantly higher after the first 30 EUSFNA procedures. Therefore, it might be that the introduction of EUSFNA could be considered by supervisors to already be performed at the onset of training, at least from a patient safety point of view.
Continued learning after completed training
An important issue merits some attention: "How to ascertain that the obtained competence in EUS will be maintained after the completion of training in EUS?". One way of ascertaining the maintenance of competence is to follow the recommendations issued by the ASGE [7] , which encourage the trained endosonographer to log the annual number of EUSprocedures and, like all other endosonographers, to regularly review the quality and outcome of the procedures. Educational activities, such as scientific meetings and handson workshops, should also be attended.
WHAT IS THE NUMBER OF EXAMINATIONS REQUIRED TO BECOME COMPETENT IN EUS?
The simple answer to this difficult question is "we do not know". Therefore, the competence of an EUStrainee can hardly be assessed only by the numeric count of performed procedures.
Basic EUS
According to guidelines published in 2001, there are a suggested, minimum number of 125 supervised procedures to be performed before acceptable com petence in EUS can be expected [7] . For comprehensive competence in all aspects of EUS, the same guidelines recommend a minimum of 150 supervised trainee performed EUSprocedures. Out of these 150 proce dures at least 75 procedures should have a focus on the pancreaticobiliary area and at least 50 procedures should include EUSguided sampling (EUSFNA) [7] . These recommended numbers should be considered to be an absolute minimum and not a guarantee that the necessary skills will be acquired.
A few clinical studies [1, 8, 22] have investigated the number of training procedures required to become a competent endosonographer. These publications are summarized in Table 1 . As is discussed below, there is a significant variation in the methodologies of the studies, in the variables measured, and in the criteria for competence, when comparing the studies included in Table 1 . This variation makes the results of these studies somewhat difficult to compare to each other.
In the early era of EUS, examinations were mainly performed with the purpose of tumor staging without sampling. Today a majority of EUSprocedures include diagnostic sampling of lesions (EUSFNA/B) or the rapeutic interventions such as drainage of pancreatic pseudocysts. Therefore, to a large extent, radial echo endoscopes have been replaced by linear ones [11] . Consequently, the number of required cases for com petence in EUS that were recommended many years ago should be interpreted with some caution since it might not be completely valid today.
EUS with EUS-FNA
Before independent performance of EUSFNA, the ESGE and the ASGE both recommend a minimum of 50 supervised, traineeperformed EUSFNAs of which 2530 should be pancreatic EUSFNA [7, 9] . No specific number of EUSFNAprocedures has been identified before full competence can be expected [9] , but the learning curve most likely continues long after the initial period of supervised training [23] . In a retrospective study by Mertz et al [21] , the sensitivity for the detection of pancreatic cancer by traineeperformed EUSFNAs was compared in quintiles of procedures. A significant increase in sensitivity after the third quintile was de tected. Consequently, the authors concluded that the ASGE guideline of 25 supervised EUSFNA procedures in solid pancreatic lesions seemed reasonable.
In a prospective, Japanese study including only subepithelial lesions [24] the accuracy and safety of EUS FNA performed by two trainees were compared with those of two experts. Before the study period, both trainees had performed 50 EUSs without sampling and attended 20 EUSFNAs performed by experts. In the study, a total of 51 cases were performed alternately by the trainee and the expert, and there was no difference in the acquisition of an adequate specimen. No major complications were recorded. In a study by Wani et al [1] , five EUStrainees per forming a total of 1412 examinations were assessed with regards to both basic EUS and EUSFNA. The num ber of examinations required for acceptable competence varied significantly among the trainees. In one trainee 255 procedures were required while another trainee was still in need of continued training after 402 procedures (Table 1 ). The authors concluded that, compared with the recommended minimum of 150 supervised cases, all five trainees needed much larger number of training procedures to be competent [7] . Consequently, it is likely that > 200 procedures are required for the majority of trainees. This estimation is supported by others who argue that the number of recommended EUS procedures may be a significant underestimation of the true number of procedures that are needed [25] .
WHAT IS COMPETENCE AND QUALITY IN EUS?
Logically, the competence of the trainee is reflected by the quality of the EUS being performed. Consequently, in EUS, what is good quality and what quality is good enough? One definition of adequate competence is suggested in the following guidelines by the ASGE: "The minimum level of skill, knowledge, and/or expertise derived through training and experience, required to safely and proficiently perform a task or procedure" [7] . Nevertheless, there is no consensus on the exact de finition of competence in EUS or with what tools, and on what scale, it should be measured [1] . It also remains to be agreed upon what the specific indicators to be used as quality measures are in EUS.
In 2006, the American College of Gastroenterology (ACG)/ASGE task force aimed to establish quality indicators in EUS to aid in the recognition of high quality examinations [26] . An updated and extended version including 23 quality indicators was published in 2015 [27] . The 23 indicators were divided into three categories -Preprocedure (n = 9), Intraprocedure (n = 5), Postprocedure (n = 9). The three most prioritized indicators should be the frequency of adequate staging of GI malignancies, the diagnostic sensitivity of EUS FNA in pancreatic masses, and the frequency of adverse events postEUSFNA [27] . However, these documents are basically intended for trained endosonographers working in clinical practice and not specifically for the situation of evaluating trainees in EUS. Naturally, the fullytrained endosonographer should ultimately aim to meet these quality indicators. Interestingly, the authors stressed that a subject for future research is the amount of training required for obtaining "diagnostic FNA yields comparable to those of published literature".
The European Society of Gastrointestinal Endoscopy (ESGE), has published technical guidelines on EUS [28] , however these guidelines do not include any quality indicators. As such, a recent initiative launched by the ESGE aims to address this specific issue. A working group has been formed [29, 30] but to date no report has been published.
ASSESSING THE ADVANCED ENDOSCOPY TRAINEE -HOW AND WHAT TO MEASURE?
Thus, one way of assessing endosonographers in train ing would be to apply some of the quality indicators for EUS and to record the outcome on an arbitrary scale over time. However, the assessment of endoscopy trainees should not necessarily only focus on the quality indicators, but also focus on other parameters. The sensible approach would be to use the predefined and validated assessment criteria as well as the direct observation of an expert [11] . There are several validated assessment tools for measuring the learning curve in endoscopy such as the Mayo Colonoscopy Skills Assessment Tool (MCSAT) [31] , the Competency in Endoscopy (ACE) [32] , the British Direct Observation of Procedural Skills (DOPS) [33] , and the Global Assessment of Gastrointestinal Endosco pic Skills (GAGES) [34] . Technical skills such as scope navigation, tip control, and loop reduction together with cognitive skills such as pathology identification and management of patient discomfort are assessed and scored to a varying degree. However the above tools were primarily designed for colonoscopy and not for EUS, which is why the ASGE has encouraged the development of objective criteria for the assessment of endosonographers in training [35] . The ASGE standards of practice committee has authored guidelines for credentialing and for grant ing privileges for EUS [7] , with these guidelines stating that the competence in EUS should be evaluated in dependently from other endoscopic procedures. As further specified in this publication, the competent endosonographer should acquire skills including, among others, safe intubation of the esophagus, appropriate sonographic visualization of various organs, recognition of abnormal findings, and appropriate documentation of the EUSprocedure [7] .
TOOLS FOR THE ASSESSMENT OF ENDOSONOGRAPHERS IN TRAINING
The assessment tools of traineeperformance in porcine EUSmodels have been investigated [15] . However, it might be challenging to interpret traineecompetence based on their performance in an animal model, which is a quite different experience compared with the clinical everyday EUSpractice. To date, there is no clear recommendation on what parameters to include in the assessment of endosonographers in training performing EUS in humans. Although there is a lack of a uniform standard, some assessment tools, elaborated for EUStrainees and for use in real patients, have been proposed.
The assessment tools that rate specific steps or 
diagnostic endosonography-examination not including fine needle aspiration
Each range indicates the number of procedures required for the fastest learning trainee (low end) and the number of procedures required for the slowest learning trainee (high end). Competency not reached means that at least one trainee had not yet reached adequate competence by the end of training period. In the study by Meenan et al [8] five trainees were assessed; in the study by Hoffman et al [22] twelve trainees were assessed; and in the study by Wani [36] presented the EUS Assessment Tool (EUSAT), designed exclusively to measure EUS FNA competence for the specific situation of mediastinal staging of nonsmall cell lung cancer. Other examples also include assessment tools for the accurate staging of esophageal cancer [37, 38] , for the diagnostic EUSFNA of pancreatic masses [21] or submucosal lesions [24] , and for the adequate onsite traineeassessment of the EUSFNAspecimens [39] . These studies are limited to a certain scenario and they do not cover the complete examination including all organs and structures within reach for upper GI EUS.
Basic EUS without EUS-FNA
Only a handful of groups have presented tools aimed at assessing the complete EUSprocedure including visualization of all the standard views. In an older study by Meenan et al [8] , five EUStrainees were evaluated in performing radial EUS, i.e., no EUSFNA. In the beginning of training the trainees observed supervisorperformed examinations (range: 55170 cases). Afterwards, the trainees performed the exami nations themselves (range: 25124 cases). In this study, a study unique data collection tool (Table 2) , was designed to assess the ability of the trainees to use the ultrasound controls and to visualize a number of predetermined anatomic stations via the esophagus, the stomach, and the duodenum. Esophageal intubation with the echoendoscope was not assessed. Via the assessment tool and a point score system (maximum score: 40 points, Table 2 Assessment form used by Meenan et al [8] to evaluate and assess endosonographers in training using a radial array echoendoscope Points were awarded for the ability to produce "best views with certainity" from the three different positions of scanning. The minimum score for competence in each of the positions is provided in the rightmost column. Adapted from Meenan et al [8] and reprinted with permission from Georg Thieme Verlag KG.
adequate competence. The authors concluded that the assessment tool was applicable in clinical practice and could identify trainees with a need for continued training. Difficult maneuvers could be identified such as the dynamic visualization of the aortic outflow, of the splenic vein, and of the common bile duct. A drawback of the study, which limits its implications, is that linear EUS was not performed and that only five procedures per trainee were scored. In another older study, only published in abstract form, twelve EUStrainees were evaluated and rated by an expert [22] . According to the text of the abstract, the traineeperformed EUSs were assessed and rated with respect to the separate steps of the procedure (Table  1) . Each step was scored and categorized as follows: 0 = Failed; 1 = Unsatisfactory; 2 = Satisfactory; and 3 = Excellent. Competency was defined as consistent achievement of a score of 2. Unfortunately, any further details and comments on this assessment tool cannot be provided due to the lack of a full article publication.
Basic EUS including EUS-FNA
In a more recent study by Wani et al [1] , five EUS trainees performing a total of 1412 EUSexaminations were assessed by an EUSexpert. Beginning at the 25 th examination, every 10th examination was assessed. Similar to the work by Meenan, the authors elaborated on a standardized data collection tool including different steps of the EUSprocedure (Figure 2 ). Each step was scored on a 5grade scale. Then the score of each step and the overall score were recorded. Finally, the assessment of competence was based on the trend and inclination of the score and the learning curve was calculated by a so called CUSUM (Cumulative Sum Analysis) [1] . The authors found the suggested assess ment method to be both feasible and valuable for Hedenström P et al . The assessment of endosonographers in training TEESAT was a more timeconsuming tool than any global rating scale but that it had the clear advantage of monitoring the learning curve and providing precise feedback to trainees. TEESAT, therefore, could facilitate the improvement of certain steps or maneuvers. Finally, this study confirmed the fact that there was significant variability among the trainees concerning the time and number of procedures to achieve competence in EUS.
CONCLUSION
The safe and competent performance of advanced endoscopy procedures such as EUS is cognitively and technically demanding. Therefore, there is a definite need for the evaluation and assessment of EUS trainees both during and at the completion of training.
Some assessment tools have been evaluated in clinical studies but only some of those tools cover all the steps and aspects of a complete, diagnostic EUS procedure. Moreover, the few extensive assessment tools that have been studied thus far have not yet been fully validated by external and independent inves November 26, 2018|Volume 6|Issue 14| identifying trainees who needed continued training. The method also identified the anatomic stations, such as the pancreas and the ampulla, that were more difficult to master for trainees. A weak point of this study was that only every 10 th examination was assessed.
The identical study methodology and assessment tool (Figure 2) , was used in an enlarged study by Wani et al [40] published in 2015. This study included 17 trainees who performed a total of 4257 examinations in 15 tertiary centers. The results were similar to those presented in the first publication with the learning curves showing a high degree of intertrainee variation. In 2017, another study was published by the same author [41] , with the study evaluating trainees in EUS and ERCP using the EUS and ERCP skills assessment tool (TEESAT). In every third traineeperformed EUS, a nearly identical assessment tool (Figure 2) , as was used in the two previous studies [1, 40] was used to score the trainees. Twentytwo trainees participated in the study and 3786 examinations were graded. A cen tralized database was used and was found feasible for the collection of data. The authors concluded that to evaluate and assess endosonographers in training mainly using a curvilinear or a linear array echo endoscope. The criterion for successful performance of each step was a score of 1. Adapted from Wani et al [1] and reprinted with permission from Elsevier. 1 = no assistance; 2 = minimal assistance (one instruction); 3 = moderate assistance (multiple instructions); 4 = significant assistance (attg manipulates scope to optimize visualization); 5 = unable to achieve Hedenström P et al . The assessment of endosonographers in training tigators. The small number of publications within the field is somewhat troublesome, meaning that today, there is no standardized measurement protocol and assessment tool regarding traineeperformance in EUS. Consequently, no specific recommendation can be put forward on the most appropriate assessment tool to use for the evaluation of endosonographers learning basic, diagnostic EUS [6] . The assessment of endosongraphers learning therapeutic EUS was not an aim of this article.
Nevertheless, EUS is a rapidly expanding field with a growing number of diagnostic and therapeutic indi cations [4244] . Therefore, supervisors should be prepared to include new and additional parameters for assess ment with respect to the type of EUSprocedure being trained. It may also be that the traineeperformed EUSFNA should be assessed more profoundly than previously attempted and include parameters such as diagnostic accuracy. Similar tools already exist for the purpose of assessing competence in polypectomy during colonoscopy [45] . Clinical research addressing the issue of assessing endosonographers in training should be encouraged. Studies presenting new assessment tools and studies validating suggested tools would be valuable. Such initiatives could be a great support in the education and training of future endosonographers. Although attempts are not lacking [27] , there is an urgent need to establish an international consensus on the benchmarks for high quality performance and competence in EUS.
